Abstract The Solomon River Basin is located in north-central Kansas in an area underlain by marine geologic shales. Selenium is an indigenous constituent of these shales and is readily leached into the surrounding groundwater. Portions of the Basin are irrigated primarily through the pumping of seleniumcontaminated groundwater from wells onto fields in agricultural production. Water, sediment, macroinvertebrates, and fish were collected from various sites in the Basin in 1998 and analyzed for selenium. Selenium concentrations were analyzed spatially and temporally and compared to reported selenium toxic effect thresholds for specific ecosystem components: water, sediments, food-chain organisms, and wholebody fish. A selenium aquatic hazard assessment for the Basin was determined based on protocol established by Lemly. Throughout the Basin, water, macroinvertebrate, and whole fish samples exceeded levels suspected of causing reproductive impairment in fish. Population structures of several fish species implied that successful reproduction was occurring; however, the influence of immigration of fish from low-selenium habitats could not be discounted. Sitespecific fish reproduction studies are needed to determine the true impact of selenium on fishery resources in the Basin.
Introduction
Selenium mobilization, bioaccumulation, and effects Over the past two decades, selenium has been identified as a major contaminant of concern in aquatic ecosystems. Primary anthropogenic sources of selenium resulting in mobilization of the element and contamination of aquatic ecosystems include (1) coal mining and combustion, (2) gold, silver, nickel, and phosphate mining, (3) metal smelting, (4) municipal landfills, (5) oil transport, refining, and utilization, (6) agricultural irrigation, (7) constructed wetlands, (8) and feedlot wastes (Lemly 1999 (Lemly , 2002 . Extensive studies of selenium mobilization and cycling in aquatic ecosystems have indicated that the element is strongly bioaccumulated in food-chain organisms. In several cases of severe contamination, (e.g., Belews Lake, NC; Lemly 1985a; Kesterson National Wildlife Refuge, CA; Saiki 1986a,b) fish reproductive failures and teratogenicity in birds have been documented.
Widespread concern about the ecological effects of selenium in aquatic ecosystems has resulted in numerous published toxic effect thresholds (TETs), which are derived from results of previous toxic effects studies and therefore serve as guidelines for assessing the degree of contamination and relative toxic threat to aquatic life. Published TETs (Table 1) include those by Peterson and Nebeker (1992) , Skorupa et al. (1996) , Van Derveer and Canton (1997) , DeForest et al. (1999) , Lemly (1993a Lemly ( , 2002 , and U.S. Environmental Protection Agency (2004, 2005) . A selenium TET consists of a selenium concentration in a specific environmental component (i.e., water, sediment, food-chain organisms, fish tissues or eggs, aquatic bird liver or eggs) at which toxic effects (i.e., reproductive failure), have been observed to occur in sensitive species of fish and aquatic birds. The selenium TETs reported by different sources for the same ecosystem component vary considerably, and there is current controversy and debate regarding which are the more reliable and thus applicable. For example, Lemly's and Skorupa's TETs on the wholebody fish component have classically been viewed as the more conservative, those by DeForest et al. are considered liberal, and EPA's guidelines are considered as intermediate. The classification system of Lemly (2002) is most robust due to his establishment of TETs for more ecosystem components (e.g., water, sediment, fish diet, fish eggs, bird eggs), the development of hazard profiles for each component, and the development of a protocol for using these profiles in the computation of a selenium aquatic hazard assessment for a study area (Lemly 1993a (Lemly , 2002 . For these reasons, the Solomon River data presented in this study will be primarily evaluated in light of TETs and the hazard profile assessment developed by Lemly. However, due to the uncertainty and debate surrounding the TET issue, the ecosystem components will also be discussed in light of TETs for these matrices established by others as described in Table 1 .
Food chain bioaccumulation of selenium in lotic aquatic ecosystems exceeding reported TETs has been found to occur particularly in river basins which are irrigated due to intensive agricultural production and where the underlying and surface outcroppings of geological substrata consist of selenium-containing marine shales. Under alkaline and oxidizing conditions, these shales, especially the Niobrara and Ogallala formations (Fig. 1) , lead to the production of primarily selenate (SeO À2 4 ), which is then easily leached into the surrounding groundwater, or in the case of surface outcroppings of these shales, into the surrounding surface water. Irrigation practices which utilize the resulting selenium-contaminated groundwater and/or surface water serve to disperse 
